




































































E	 represents	 the	amplitude	of	 the	DC	voltage	 (V);	 I	 represents	 the	net	 electron	 flow	 (A)	 obtained	 in	 the	working	electrode.	 In	 addition	 to	 Icorr,	 anodic	 and	 cathodic	Tafel	 constants	 (βa,	βb)	 can	 be	 determined	 through	 the




















An	externally	applied	potential	 (E),	 as	 experienced	by	a	 railway	 tunnel	 to	a	 stray	DC	current,	 can	push	 the	anodic	potential	 away	 from	 the	equilibrium	state	and	accelerate	 the	anodic	 reaction.	Based	on	a	 review	of	 the
literature,	the	effect	of	a	stray	DC	current	has	been	simulated	by	applying	either	a	controlled	electric	voltage	(potentiostatic)	or	current	(galvanostatic)	[21–24].	The	potentiostatic	polarization	technique	allows	a	constant	DC	voltage	to
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modelling	based	on	 the	boundary	element	method	 (BEM)	was	conducted	using	COMSOL	Multiphysics	5.4.	Only	 the	 “active”	 domains,	 i.e.	 electrodes	and	 steel	 fibre,	were	discretized	and	 this	greatly	 reduced	 the	 total	number	of
elements	and	nodes	needed	for	the	electrolyte.	As	shown	in	Fig.	9,	this	is	a	2D	semi-infinite	model	with	its	top	surface	in	contact	with	air.	Both	auxiliary	graphite	electrodes	and	the	embedded	steel	fibre	were	meshed	into	1D	pipe



















































the	phase	angle	 (θ)	dropped	constantly	at	 low	 frequencies	until	 the	 lowest	value	 (valley)	was	reached	at	an	excitation	 frequency	of	approximate	10 Hz,	 indicating	 the	rate	of	charge	 transfer	 increased	and	 the	mass	 transfer	might	have	become	a	key
parameter	governing	the	corrosion	rate.	With	0.6	and	0.8 mol/L	NaCl	in	the	electrolyte,	θ	dropped	constantly	at	low	frequencies	until	the	lowest	value	(valley)	was	reached	at	an	excitation	frequency	of	approximate	100 Hz.	A	rust	layer	might	have	formed	on
the	steel	fibre	surface	and	the	speed	of	the	corrosion	reactions	was	governed	by	the	diffusion	speed	through	the	rust	layer	in	such	circumstances	[35].






















Rs(∙cm2)Rf(∙cm2)Cf(10-	(Ω∙cm2) Rf	(Ω∙cm2) Cf	(10−6S∙sn∙cm-2) nf Rct(k∙cm2)Cdl(10-	(kΩ∙cm2) Cdl	(10−6S∙sn∙cm-2) ndl
	0.0 mol/L	NaCl 2.9 40.6 0.3 0.70 15.0 -−1.8 39.1 0.78
+2.8
0.3 mol/L	NaCl 8.9 47.1 294.5 0.41 5.8 -−2.7 81.0 0.73
+3.4
0.6 mol/L	NaCl 7.4 80.5 547.0 0.60 4.8 -−1.2 85.5 0.70
+0.8
















Tafel	polarization High ≤	30	minutes Low Destructive
LPR Low ≤	15 minutes High Non-destructive





































between	the	right	graphite	electrode	and	the	steel	 fibre;	R3	represents	the	bulk	resistance	between	two	graphite	electrodes.	The	Faradaic	current	through	the	steel	fibre	(i.e.	I2)	 is	a	direct	measure	of	 the	rate	of	 the	steel	redox	reactions.	Given	such
quantitative	analysis,	I2	is	a	strong	function	of	R1	and	it	can	be	determined	according	to	Ohm’s	law	( ).
The	measured	voltage	drop	V1	between	the	steel	fibre	and	auxiliary	graphite	electrode	is	shown	in	Fig.	21.	It	indicates	that	V1	increased	with	time	in	absence	of	NaCl,	showing	increased	impedance	and	possible	enhanced	corrosion	resistance














































Rs(∙cm2)Rf(∙cm2)Cf(10-	(Ω∙cm2) Rf	(Ω∙cm2) Cf	(10−9S∙sn∙cm-2) nf Rct(k∙cm2)Cdl(10-	(kΩ∙cm2) Cdl	(10−6S∙sn∙cm-2) ndl
0%	NaCl	0-hr 10 248.1 3.1 0.90 55.7 ± 1.5 92.9 0.93
2%	NaCl	0-hr 7 59.2 1.4 0.99 3.1 ± 0.2 306.1 0.76
0%	NaCl	1-hr 8 193.8 0.6 0.99 3.6 ± 0.2 803.2 0.66































electrochemical	 impedance	spectroscopy	 (EIS).	Butler-Volmer	 regression	analysis	based	on	a	Tafel	polarization	 test	 is	a	preferred	approach	 for	 the	assessment	of	 the	corrosion	 resistance	of	 steel	 fibres	as	 it	directly	provides	 the
corrosion	density	(icorr)	at	equilibrium	between	the	anodic	and	cathodic	reactions.	Steel	fibre	demonstrates	high	corrosion	resistance	even	under	a	high	chloride	ion	concentration	condition	(e.g.	0.6 mol/L).
Boundary	element	method	(BEM)	modelling,	validated	by	the	stray	DC	interference	test	results,	indicates	that	discrete	steel	fibre	can	pick	up	and	transfer	stray	DC	current.	CP	polarization	results	indicate	that	the	corrosion	of
steel	fibres	shows	autocatalytic	nature	under	the	combined	effect	of	an	external	DC	voltage	and	chloride.	A	small	amount	of	chloride	ions	in	the	concrete	pore	solution	(≤	0.3 mol/L),	which	is	insufficient	to	cause	severe	corrosion	of
steel	fibres	in	a	passive	state,	still	increases	the	risk	of	corrosion	under	an	external	DC	voltage	as	that	experienced	by	a	railway	tunnel	under	a	stray	DC	environment.	It	should	be	noted	that	a	solid	electrolyte	(e.g.	concrete	or	mortar)
has	a	beneficiary	effect	on	the	corrosion	resistance	of	steel	fibres	although	a	high	concentration	of	chloride	ions	(≥	2%	by	mass	of	cement)	still	enhances	the	corrosion	reactions	by	allowing	more	stray	DC	to	flow	through	the	embedded
steel	fibre.
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